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Figure 1.- 64AOIO Airfo1l With Olc1l1ating Control Surface. 
Figure 2.- Airfoil Mounting System Shoving Optical Acc .... 
Figure 3.- !l-Foot Holographic Interferometer. 
Figura 4.- Ames Portable Hol,)graphic System Tr4%usm1ttel'. 
Figure S.- Ames Portable Holographic System Receiver. 
Flap, Figure 6.- Interferograma of the NACA 64AOIO Airfoil with Oscillating 
Hun Flap Angle at 0°. (a) Phue Angle • 0°; (b) Phuo Angle • 36°; 
(c) Phase Angle. 54°; (d) Phase Angle • 72°; (e) Phase Angle • 108°; 
(t) Phue Angle· 180°; (g) Phase Angle • 216°. 
Figure 1.- Interterograma ot the NACA 64AOIO Airfoil with Oscillating Flap, 
Mean Flap Angle at -40. (a) PhllSe Angl~ • 18°; (b) Phase Angle • ;4°; 
(c) Phillie Angle .,126°; Cd) Phase Angle • 102°; (e) Phase Angle • 234°. 
(t) Phase Angle • 270°; (g) Phl1S0 Aogle • 306°; (h) Phase Angle • 31'2°. 
Fi~Jre a.- Interterograms ot the NACA 64AOIO Airtoil with Oscillating Flap, 
HeAn Flap Angle at 0-, PT • 4238 paf. (.> Phase Angle • 126-; (b) Phase 
Angle • 198-; (c) Phase Angle • 270-. 
Figure 9.- Intertero~ ot tho RACA 64AOI0 Airfo1l with Oscillating Flap, 
Mean Flap Angle at -4°, Airtoil Anglo ot Attack' at +4°. (a) Phase Angle. 
0°; (b) Pho.so Angle • 90°.' (c) Phue Angle • 180°; (d) Phase Angle • 225°. 
(e) Phase Al,IgJ.e • 270°. 
Fia'Ure 10.- Comparisons ot the Pressure" Obtained Fro:n the Surface Pressure 
Tapa and the Interferometric Results. 6. 0° t 2°, a • 0°. 
Figure U.- Comparisons of ~he Preuures Obtained From the Surfaco Taps and 
the Intertero:netric Results. 6. -4°, a • 0° • 
Figure 12.- COcpar1s0DS ot the Pressurea Obtained Frcm the Surtl!lce Pressure 















Figure 13.- Ccmparisons 01' tho Pressures Obtained From the Surtace Pressure 
Taps an~ the Interterometric Results. ~ • .,40. CI • 4°. 
Figure 14. - Mach Contours Obtained Free the Interferogrem.s. ~. 0°. a • 0°. 
Figure 15. - Mach Contours Obtained From the Interterogrsms. ~ • .,4 0 • CI • 0°. 
Figure 16. - Mach Contours Obtainl!d Frem the Interterograms. ~. 0°. a • 0°, 
Pt • 4238 pst. 
Figure 11.- Ma.:h Contours Obtained From the Intertel'ogra:s. 6 • .,4°, a • 4°. 
Figure lc.- Enluged Vievs 01' the Trailing Edse, 6 • 0°, a • 0°. (a) Phase 
Fi~e 19.- Enlarged Views 01' the Trailing Edge, 6 • .,40, a • 0°. (a) Phue 
Angle • 18°; (b) Phase Angle • 54°; (c) Phase Angle • 126°; (d) Phue Angle • 









Figure 20.- Enlarged 1ievs 01' the Trailing Edge Region, PT • 4238 pof. (a) Phase 111 
An3le • 54°; (b) Pb.a.:Je Angle • 126°; (c) Phase Anglo • 198°; (d) Phue Angle ." 
210°; (e) Phase Angle • 342°. 
Figure 21.- Enlo.rged View 01' the Trailing Edge Region. 6 • .,40, a • 4°. 
(a) Phase Angle • 0°; (b) ~o Angle • 90°; (c) Phase Angle. 180°; 
(d) Phase Angle • 224°; (e) Phaae Angle • 270°. 
Figure 22. - Walto Protiles; a • 0°; 6 • 0°. 
Figure 23.- Wake Protiles; a • 4°; 6 • .,40. 
Figure 24. - Wake Protiles; a • 0°; 6 • -40 • 
Figure 25.- Schlieren Flov Visual1za.t1on lI.ovie Strip; a • 0°, 6 • -4°, l' • 30 11:. 
Figure 26.- Schlieren Flov Visualization Movie Strip; a • 2°. 6 • 0°, t • ~. _" 
Figure 27.- Schlieren Flov Visualization MOvie Strip~ B • 4°, 6 • -4°, t • a Hz. 
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NOMENCLATURE 
chord length 
2 pressure coefficient (p-P.)/(O.5 p~U~ ) 
focal lengt.h cf lens 
Gladstone-Dale constant 
span of the a~rfoil 
lens designation 
Mach number 
numler of fringes from reference fringe 
index of refraction 
pressure 
turbulent recovery factor 
temperature 
flow speed 
airfoil angle of attack 




ad adiabatic wall 
e outer edge of the boundary layer 
o refezence condition 
t total or stagnation conditions 
wall or airfoil surface conditions 
... free-stream co~~ittons 
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FLOW-FIELD MEASUREMENTS ON AN AIRFOIL WITH AN OSCILLATING 
TRAILING-EDGE FLAP USING HOLOGRAPHIC INTERFEROMETRY 
1.0 Introducti~n 
Unsteady loads on aircraft wings resulting from gusts and maneuvering 
dictate the flutter margin and fatigue requirements of the aircraft components. 
The weight of the compunents affects aircraft operational costs and range. 
Active control technology has been used in an effort to control these unsteady 
forces and to improve the aircraft handling characteristics. 
At transonic speeds, the unsteady flow field is complicated by the presence 
of mixed inviscid flow regimes, shocks, and shock-induced separation. The 
unsteady flow9 are further complicated by the strong coupling between the steady 
and the unsteady flow fields. Phase lags be~een the flap position and the 
embedded shock waves and the viscous flow response adds to the complexities 
involved in understanding and predicting these flows. 
The prediction of these unsteady flous is of increased interest. However. 
flows with significant separation ate difficult to predict even in the steady 
flow regimes. Thus. detailed experimental investigations are requi~ed to measure 
and document the inviscid flow. shock-wave behavior and the shock-wave boundary-
layer interactions for oscillating airfoils. These data must be obtained in: 
sufficient detail to guide the theoretical development of the prediction 
methods and provide a source of data for the evaluation.of the computational 
efforts. 
In this report, the data obtained using holographic inte=ferometry are 
presented. Optical diagnostics have proven especially useful in transonic flow 
research because of the sensitivity of these flows to perturbations produced by 
material probes. As a result of the relatively continuous change of the flow-
field density. these flows are mapped in detail with the use of interferometry •... 
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In addition to the detailed visualization of the flow fields, the interferograms 
provide an instantaneous mapping of the density field, albeit spatially integrated 
over the span of the airfoil. If the flow can be assumed to be two-dimensional, 
the fringe patterns can be used with the isentropic flow assumption to obtain 
the instantaneous surface pressure distribution. Flow-speed profiles in the 
wake were also obtained for representative conditions. 
The following section contains a description of the holographic iuterferometry 
method, a presentation of the results, and comments on application of the method 
in large-scale facilities. 
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2.0 Experimental Procedure 
2.1 Description of the Model 
The airfoil u8pd in the investigation had a NACA 64AOlO profile with a 50-em 
chord and a span of 1.37 m. The airfoil had a mOvable graphite-epoxy flap fi~ed 
to the main airfoil section at 25% chord, figure 1. Hydraulic actuators were 
used to drive the flap at frequencies from 0 to 50 Hz. The airfoil was mounted 
between splitter plates that were affixed to the floor and ceiling at the NASA 
Ames II-Foot Transonic Wind Tunnel. 
Optical access was provided for by windows installed in the splitter plates 
as shown in figure 2. A pair of windows was used in each splitter plate with the 
windows mounted flush to the inside and outside walls of the splitter plates. 
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Figure 2.- Ajrfoil Mounting System Showing Optical Access 
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2.2 Holographic Interferometry 
Interferometry which utilizes the mixing of tw~ coherent waves for the pur-
pose of measuring the distortion in one of the waves, has been used in small-
scale wind tunnels and is well understood. The introduction of holography as an 
intermediary to store the light-wave information allows a great dp.al of versatility 
in the use of the technique and significantly extends the possible application. l 
With holography, the amplitude and phase distribution of a light wave pass-
ing through the flow field at some instant of time can be stored and later recon-
structed for comparison to waves formed at other conditions. Thi~ allows the 
storage of several test conditions for later comparison and analysis outside of 
the test facility. In addition to the interferometry techniques, the shadowgraph 
and Schlieren flow visualization techniques are also available. The ability to 
reconstruct the light field outside of the wind tunnel allows a much greater flex-
ibility in spatial filtering and photographing the images. 
Transonic flows are especially suit~ble to the application of interferometry 
since compressibility occurs but the density changes are not all stepwise through 
shocks as in supersonic flow. 2,3 In addition, the shocks present in the tran-
sonic flow fields are we~~ so that the entire flow field can be assumed to be 
isentropic. Thus, the interference fringes are at the same time a mapping of 
the. constant density and the flow-speed contours. These data can be readily 
reduced, with the use of other wind-tunnel conditions, to the surface static 
pressure and viscous layer temperature profiles. 
A Quanta Ray DCR-I Nd:YAG laser is used in the Ames Portable Holographic 
Interfero~eter as the light source. 4 This laser is capable of producing pulse 
repetition rates between 2/sec and 20/sec at up to 80 mJ of energy in the green 
line (0.532 um). Because of the high rep rate capability, a separate HeNe laser 
is not required for aligning the optics as in the case of a pulsed ruby laser' . 
system. 
-8-
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The hologram recording system is composed of a transmitting and ~eceivlng 
components (figs. 3, 4, ~nd 5), connected by twa optical paths for the object and 
reference beacs. The Quanta Ray DCR-I pulsed Nd:YAG laser used in the system pro-
duces a beam that has a so-called "donut" intensity distribution due to the 
laser's unstable resonator configuration. Thus, the first elements in the system 
consisting of lens LI and a spatial filter of 150-um aperture is used to produce 
a smooth beam intensity distribution. The beam is then divided into two paths 
with a beam splitter (B.S.), shown in figure 4. 
The object beam is transmitted through the beam splitter and expanded ~th 
lens L3 to overfill the Schlieren mirror. Because the foci of L3 and the 
Schlieren mirror coincide, a collimated beam is formed and transmitted throu.gh 
the test section. The object beam is approximately 1 meter in diameter and is 
received and refocused to the receiver stage. Lens L6 is used to collimate the 
object beam to an apprcpriate size for recording at the holographic plate (fig. '5). 
The reference beam is directed through the beam splitter and over the wind 
tunnel. Lens L2 is used to control the size of the reference be~ at the receiver 
stage. Lenses L4 and L5 are used to expand and collimate the reference beam to 
90 mm in diameter which then elso falls on the holographic plate. 
A 4-in. by 5-in. film holder is used to hold the higb-resolution holographic 
film plates for recording the information. When using the dual plate interferom-
etrytechnique, holograLw are recorded with no flow in the tunnel (reference con-
dition) and subsequent plates are recorded at the test conditions. 
After processing the exposed film, the reconstruction system is used for 
viewing and photographing the aerodynami~ information. The dual plate holder is 
used to position the ref~rence and test plates to produce interference between . 
the two reconstructed object waves. A lena is used to image the test section onto 
the film plane of a 4-in. by 5-in. cumera and produces a bea: diameter of suitable 
size for recording on 4 by 5 sheet film. 
-9-
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One major difficulty when utilizing the dual plate technique arises when 
the densiey of the entire flow field is disturbed. In this case, it is difficult 
if not impossible to ascertain when the interferometer is aligned to the infinite 
fringe condition, that is, to the caso wherein fringes only occur as a result of 
changes in the flow density. This condition occurs in most airfoil tests., For-
tuna~ely, a know1e~ge of. the tranoonic flow characteristics and other alignment 
criteria has led to reconstructed interferograms producing good agreement with 
other measured data. 
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2.3 Data Reduction 
Obtaining quantitative results from the Interferograms is straightforward 
for two-dimensional flows. The path1ength through the wind tunnel in the present 
case was 1.37 meters BO the density changes at the test flow Mach numbers was 
sufficient to produce a~ optimum number of interference fringes in the infinite 
fring~ mode. Using the infinite fringe mode has the advantage of the fringes 
producing a direct mapping of the constant density contours which in turn. map 
the Mach contours. 
Evaluation of the density change per fri'Jge can be determined using the 
following relationships. In an inhomogeneous density test field the phase shift 
of the light wave is 
(M..) _ 1. it: 1 2n A z: (n(x.y) - no]dz 
where A is the laser wavelength and n is the index of refraction. When·the 
interferometer is aligned in the infinite fringe mode. the equation of the fringes 
is 
1,;1 
.r (n(x.y) - no]dz - NA 
I,; 
where N is an integer. Applying the Gladstone-Dale Constant relating phase 
variation to density. the. integrated relationship is 
p(x.y) - Po + ~ 
The constant values in the present case are: 
L - 1.37 m 
A - 0.532 \Jm 
K - 0.226 (gm/cm3)-1 
A 0.532 x 10-3 em 
KL- 0.226 (go/cm3)-1 1370 em 
-14-
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Combining the constants and adjusting for the wall boundary layers result in: 
" 1.08 x 10-~ lbm/f t 3 PI - Po fringe 
It remains to identify a particular frinSe to be used as the reference with 
its corresponding density. This can be done in several ways. If there is a 
region of undisturbed flow in the field of view, the wind-tunnel conditions can 
be used. Unfortunately, this is not generally the case. Instead, a surface 
pressure measurement can be converted t~ density by using the tot.al temperature, 
To, and the total pressure, Po' Another independent reference can be obtained 
from the inviscid flo~ velocity measured with the laser velocimeter. 
~nual counting of the fringe allows an estimated resolution of ab~ut 0.3 
of a fringe width and a spatial resolution of :0.10 mm using a metric scale and 
a loupe. 
The viscous flow speeds can be derived using.the Crocco relationship given 
by 
1-- + 1--[ ( U )2J Tw - Tad ( U ) Ue Te Ue 
and the perfect gas law. The turbulent recovery factor r, was taken equal to 
0.88, the model surface is assumed to be adiabatic so Tw· Tad' and Te is the 
temperature at the outer edge of the boundary layer. 
The vake coordinates vere referenced to the trailinp ed~e of the airfoil, 
x/c"l.O at the trailing edp,e and y/c=O. At the downstream stations, y/c=o vas 
taken parallel to the lover vindow from the trailintZ ee~e. 
-15-
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2.4 Real-Time Shadowgraph and Schlieren Flow Visualization 
A great deal ot information on flow-field behavior, particularly the dynamic 
characteristics, can be obtained froM simple flow visualization techniques. The 
Nd:YAG laser us~d in these experiments was capable of producing light pulses of 
app.roximately 20-nanoseconds duration at a repetition rate of 10 pps. The flap 
was oscillated at 30 Hz. Thus, the laser was fired at e.d.. 'hird cycle of the 
flap. In order to produce the illusion of a continuous oscillatory motion. the 
laser was fired at a frequency slightly diffe~ent from 10 Hz which produced a 
continuous change in the phase shift between the laser pulse and flap. 
Both shlldowgraph and Schlieren tp.chniques were used to visualize the flow. 
Various orientations of the Schlieren knife edge were used to observe the inviscid 
and viscous flow phenomena. Because of the short duration exposures used, the 
spatially averaged features of the flow were recorded at all possible phase angles 
of the oscillation. 
A movie camera was interfaced to the laser such that the camera framing 
rate which could be adjusted also triggered the laser. The system was configured 
to allow the simultaneous recording and viewing of the results. 
-16-
.-JI* •• " .-' '_ ...... ~ -' '- -
~" ;".-' ,'". f"] {'~ 
, ' 
2.5 Laser Trigger Operation 
An electronics circuit was designed to enable the firing of the laser at 
preselected phase angles of the airfoil oscillation. The primary constraint on 
the system was the need to fire the laser flash lamp at the design condition of 
10 Hz. In addition, the count to the data acquisition computer was limited at 
40 per revolution. Thus, a clock frequency was used that was controlled by the 
triggp.r logic circuit to provide a fixed number of counts per cycle of the flap 
driver. The clock was then divided using a digit switch control to produce the 
desired number of counts per cycle of the flap. For example, 360 counts per 
cycle was used. This number was further divided by 9 to provide the 40 counts 
per revolution to the data acquisition computer. A frame count digit switch was 
used to divi~e the 360 counts per cycle down to produce the approximately 10 pulses 
per second required by the laser. The division uged here depended upon the flap 
oscillation frequency. Flap frequencies that were an integer multiple of 10 were 
maintained to simplify the operation of the system. 
A phase delay digit switch was also provided to enable the firing of the' 
laser at any phase angle of the flap. When the primary counter was set to produce 
360 counts per cycle of the flap, the phase delay selector could be set directly 
to the angle in deg~ees after the once-per-rev signal from the flap. 
The signal from the triggering circuit was connected to a pulse amplifier 
that produced the required l2-volt signal level to fire the laser flash lamp. 
There is a delay of -250 usec between the firing of the flash laop and laser 
Q-switch. At an oscillation frequency of 30 Hz this delay represented a phase 
error of 
250xlO-G sec ~~:-::-;-"'~--'~'--,.- x 3600 - 2.70 0.033 sec/revolution 
or less than 1% error in the' phase angle. Thus. a correction for the Q-switch 







3.0 Results and Discussion 
, The results represent the first quantitative interferometric data obtained 
in any facility as large as the II-foot transonic tunnel. Because of the optical 
path lengths involved and the structural supports that resor~te when the tunnel 
is running, the acquisition of holographic interferometry data can be difficult. 
A problem associated with the large-scale facilities is the length of the optical 
path through the highly turbulent compressible flow. Light waves passing through 
such flow fields are distorted and energy is deflected from the otherwise colli-
mated beam. This resulted in a minical light intensity at the holographic film 
plane. 
In the present investigation. the number of windows involved also contributed 
to the loss in the transmitted energy. There were eight (8) windows in the 
optical path. Although these windows were of optical quality. the surfaces were 
contaminated with a thin film of oil and other material which further reduced 
their t~ansmission of light. 
Because of an error in manufacturing. the apertures used in transforming 
the laser beam to the correct profile also contributed to the loss in uvailable 
laser power. 
Inadequate laser power proved to be the primary difficulty during the tests. 
The quality of the interferogrsms reflects the need for eliminating this problem. 
Because of the low light exposures large development times yere required. This 
caused background fog to occur on the holographic plates which produced poor 
reconstructions with low signal-to-noise. Because the sources of the problems 
have been identified. many of the problems can be eliminated from future tests. 
Results were obtained at a freestream Mach number of M - 0.8. flap frequency 
of f. 30 Hz and chord Reynolds numbers of 6.6xl0 6 and l2.3xl06 corresponding to 
Pt ~ 2100 and 4200 psf; a • 0° and Pt • 2100 unless otherwise specified. Interfero-
metric data were obtain~d at airfoil. angles of attack a· 0° and 4° and mean" 
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<; Figures 6 througb 9 ar.e the interferograms for the full field of view. These 
figures represent infinite fringe intcrferograms so each fringe is a constant 
density line (isopycnic). As discussed earlier, the long'optical path lengths 
(11 feet) through the flow around the splitter plates and the turbulent flow . 
field over the airfoii produced strong optical distortions. Thus, the quality 
of the interferograms are not as good as those obtained in smaller facilities. 
However, the interferograms do portray the flow features vtth reasonable relia-
bility. Flap angles and ather pertinent information are given in the figures 
with the pressure data. 
Figures 10 through 13 are the surface pressures obtained from the static 
pressure orifices a~d from the interferocetric results. The interferometric 
pressures were obtained under the assumption of isentropic flow and the following 
expressions: 
:t · (:tf 
Cp • y~2 [(:t) (::) 1] 
where M~ is the freestreamMach number, y • 1.4 and Pt and Pt are the pressure 
and density at the stagnation conditions. A reference pressure was obtained' from 
a surface pressure tap near the forward section ~f the field of view. When the 
shock extended out of the field of view, a second reference pressure was used 
downstream of the shock. 
The constant density contours were used with the following relationship to 
identify the Mach contours. 
[ 
2 (p(l-Y) 
M- --y-l p 
t 
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Figures 14 through 17 are the traces of the Mach contours for the run parameters 
tested. The scale for the figures can be obtained from the width of the window 
shown on the first figures of each series. 
Enlarged views of the trailing edge are presented in figures 18 through 21. 
These results pricarily show the behavior of the viscous flow under the imposed 
parametric flow conditions. Although the interferograms are of low quality, the 
general characteristics of the turbulent boundary layers and wakes including the 
thickness and the occurrence of flow separation are visible. These results were 
used with the Crocco relationship to obtain estimates of the flow-speed profiles 
in the wakes shown in figures 22 to 24. The level of confidence in the thickness 
of the profiles is good. However, the velo~ity deficit was not as large as 
anticipated or expected. This may have been caused by the three-dimensionality 
in the flow includtng the sidewall boundary-layer interaction and a slight curva-
ture of the wake tn the spamJise direction. The effect of such spanwise nonuni-
formity·would be most pronounced at the low-speed regions of the wake. 
Representative strips of the real-time Schlieren flow visualization movie 
are presented in figures 25 - 27. Each sequence of photos covers one cycle of 
oscillation. Although the Schlieren technique does not produce the detail avail-
able with the interferometry technique, the information on the dynamic behavior 
of the flow will be useful for the qualitative comparisons to the flow prediction 
methods. During these tests~ a strip of tape was applied to the leading edge of 
the model to protect it from erosion by particulate in the flow. At flow conditions 
wherein the shock was upstream of the flap juncture, the shock showed significant 
oscillation even at the steady flow conditions. Under flapping conditions, the 
shock motion and dynacic flow separation were clearly visible. At larger angles of 
attack, bursting of surface-generated vorticity away frou the airfoil could be· seen. 
The high levels of turbulence produced by the dynamic stall generated observable 
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4.0 Summary 
Holography interferometry was used to obtain flow visualization and quanti-
tative results from a flow field generatad by a NACA 64AOlO airfoil tlith an oscil-
• 
lating control surface. The interferometric results complement. the data obtained 
with dynamic pressure instrumentation, hot-wire anemometry, and laser Doppler 
velocimetry. Comparisons of the surface pressure data with the interferometric 
results showed guod agreement at low angles of attack but differences occurred 
at the larger angles of attack. These differences yield informaCion on the 
relative two-dimensionality of the flow field at increasing flap angles and air-
foil angle of attack. 
Enlargements of the trailing-edge region show the details of the boundary 
layer and wakes under dynamic flow conditions. The wake profiles obtained from 
the interferometric data did not produce the expected velocity deficits~ Tne 
discrepancy was assumed to be a result of the spanwise curvaolre of the wake 
and sidewall effects. 
Real-time shadowgraph and Schlieren flow visualization movies showed the 
dynamic behavior of the flow field. 
In general, the tests demonstrated the feasibility of applying advanced flow 
visualization and interferometry techniques to large-scale wind-tunnel testing • 
With further refinements to the methodology, the optical techniques can provide 
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HOLOGRAPHIC DATA - 11 foot - Oscillating Flap 
0117 
RUN: II:' 
FLAP MEAN: 0 
PHASE NO.: 1 
MACH: .9 












































PRINT NO.: 1 
Ttot: 549.3 Rankin. 
LOWER x,-c N 
SURFACE: 
Cp 






0.00 0.20 0.48 0.60 0.80 1.00 1.20 <:··c 
Figure 10.- Comparisons of the Pressures Obtained From the Surface Pressure Taps 












PRESSURE DATA - 11 root - OscillAting FlAP 
RUN: 11'7 SEQ: 3 
FLAP MEAN: 0 A~PL. : 2 FREQ.: 39 
PHASE NO.: 1 ANCLE: 9 DELTA:-.\)4 
MACi-!: .8 ALPHA: 9 
Ptot: 2a89.l psf Pinf: 1373 psf Ttot: ~49.3 Rankin. 
UPPER )(/c Cp LOWER )(/c 
SURFACE: SURFACE: 
9 1.174 .O~ 
.9:5 -.217 • 1 
• 1 -.347 .1~ . 
.1:5 -.429 .2 
.2 -.488 .2~ 
.2:5 -.~31 .3 
.3 -.:591 .3~ 
.3:5 -.6:5~ .4 
.4 -.'741 .4~ 
.4:5 -.811 .~ 
.:5 -.84 .~~ 
.:5:5 -.8:52 .6 
.6 -.276 .643 
.643 -.118 .762 
.70:5 -.07 .793 
.797 -.011 .824 
.949 .076 .949 



















































11 root - OsCill&tinQ Flap 
RUN: 117 
FLAP MEAN: " 
PHASE tlO.: 5 
MACH: .8 
Ptot: 2099.3 psr 
UPPER x/c 
SlIPFACE: 



















1 • 1 
































PRIHT HO.: 1 



















PPESSURE DATA - 11 root - Os~illatin9 FlAP 
RIJN: 117 
FLAP ME~N: 9 






































OI~(m;':ij.i.. : •• ',:..:: ':r' 
OF' POOR QUH.;";'('i 
1.0~~~~~~~~~~~~~~~~~~~~~~~~~~ 








11 root - Oscillatin~ Fl~p 
RUH: 129 
FLAP MEAH: 0 
PHASE HO.: ., 
MACH: .8 































































PRINT NO.: 3 
Ttot: 5se.l~ RAnkin~ 













PRESSURE DATA - tl foot - Oscillating Fl&p 
RUN: 128 SEQ: 11 
FLAP MEAN: 0 AMPL. : ~ FREQ. : 3~ 
PHASE tlo.: 7 ANGLE: :54 DELTA:-l.:54 
MACH: .8 ALPHA: 0 
Ptot: 208 •• 9 psf Pinf: 1370 psf Ttot: :5513.15 Psnk i ne 
UPPER x/c Cp LOWER x/c Cp 
SURFACE: SURFACE: 
0 1.178 .135 -.1~2 
.0'5 -.234 • 1 -.24':' 
• 1 -.36~ .15 . -.349 
• 1'5 -.44 .2 -.41~ 
.2 -.496 .25 -.4~5 
.2'5 -.561 .3 -.'32 
.3 -.6ee .35 -.547 
.'35 -.66e .4 -.655 
.4 -. ns .45 -.723 
.4~ -.812 .5 -.794 
.5 -.851 .55 -.598 
.55 -.241 .6 -.324 
.6 -. 113 .643 -.239 
.643 .1307 .762 -.243 
.705 -.oee .793 -.134 
.797 .027 .824 -.136 
.849 .097 .849 -.1318 








0.20 0.40 0.60 0.80 1.00 1 .20 x./c 
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HOLOGRAPHIC DAT~ - 11 foot - 05cjll~tin9 Flap 
72117 
RIJH: IIi' 
FLAP MEMI: (I 
PHASE NO.: 9 
MACH: .• a 





Pin': 1373 p.f 
FREQ: 30 
DELTA:-l.aa 
PRINT HO.: 1 










0.00 0.28 0.40 0.60 0.80 ].00 1.20 x/c 
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,'~ 
:"' ~ .. ' ,!, 
~~. ~ ~"j 
PPES!UPE DATA - 11 toot - OscIllating Flap 
PUll: 117 SEQ: 3 
FLt1P MEAH: 0 AMPL. : 2 FREO. : 30 
PHASE HO.: 9 AtlCLE: 72 DELTA:-l.8e 
MACH: .~ ALPHA: 
° Pt ot : 2089.3 pat Plnf: 1373 pst not: '4~.3 R>:.nk 1 n~ 
UPPER '<~c Cp LOWER x'c Cp 
SUF'Ft1CE: SURFACE: 
0 1.1;o~ .O~ -.I~~ 
.0' - • .2lti • 1 -.~~~ 
• 1 -.30;2 
• 1 '5 -.3" 
.1~ -."41 ... - ... O~ .... 
• 2 -.049;0 .25 -."5~ 
.2'5 -.'5"6 
• 3 -. 5l~ 
.3 -.'59' .3'5 -.5"'5 
.35 -.tiS8 ... -.ti:;~ 
.4 -.;041 • "'5 -.7:~ 
.4'5 -.906 .'5 -.7~9 
.'5 -.ti84 .5'5 -.;-3 
.'55 -.166 .ti -.329 
.oS -.096 .643 -.~b6 
.643 -.032 .:-6~ -.244 
.7'" -.926 • ;on -.14 
.797 .922 .824 -.e0;9 
.849 .089 .~4~ -.iJ~oI 






ORIGINAL Pl\:;Z is 
OF POOR QUALITY 
1.00~~~-w~~~~--~~~~~~~~~-~~~~~ 
0.00 0.20 0.40 0.60 0.80 1.00 1.20 ·"c 
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I . 
l.,tl1 1 ( 
RUN: 117 
FLAP MEAH: 0 
PHASE HO.: 13 
/'tACH: .9 



















































.7 • 11., 














ORIGfN!\L ?i·,:';'[;. .S 
OF POOR QL;ALIlY 
1.00~~~~~~~~~--~~~~~~~~~~~~~~ 








O.c j 1 t at I n~ Flap 
RUN: 117 SEQ: 3 
FLAP MEAII: 9 AMPL.! 2 FREQ.: 30 
PHASE NO. : 13 ANGLE: 19a DELTA:-l.9 
MACH: .s ALPHA: e 
Ptot: 2089.3 p.r Pinr; 1373 psr Tt ot: !i49.3 RankIne-
£ UPPER x .... c Cp LOWER x .... c Cp 
:'\: 
,.!" SURFACE: SURFACE: 
''P 0 I. 171 .05 -.1039 
. ,~ .95 -.~23 • 1 -.~6~ 
:~ • 1 -.349 .1'S -.3'; 
"1a .15 -.427 .2 -.421 
~, 
.2 -.482 .0:5 -.4;"1 
A .;!5 -.527 .3 -.535 
~ .,3 -.577 .35 -.5:".2 
:J' 
.35 -.634 .4 -.666 :f; 
r~ .4 -.71 .45 -.747 
,~. 
.45 -.75 .5 -.799 
.5 -.273 .55 -.79S 
~ .5' -.196 .6 -.439 ~ .6 -.14 .643 -.267 
t .643 -.067 .762 -.209 
.705 -.064 .1~3 -.11 ~l' .797 -.13137 .824 -.049 
.849 .1366 .849 -.906 
'(. 
.95 .135 .895 .9" 















0.00 ~ ~~ 
o. SO 
J ~ 1.00 
0.00 0.20 0.40 0.60 0.80 1.00 1. 20 -·(/c 
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, , 
HOLOCRAPHIC DATA - 11 toot - O.cillating Flap 
144217 
Rlltl: IIi" 
FLAP MEAH: e 
PHASE 110.: 17 
MACH: .8 





























































PRINT HO.: 2 
hot: 549.3 Ranl:tn. 
LOI>IER x"" H 
. SURFACE: 
ORIGiNAL Pf\GE IS 
OF POOR QUALITY 
Cp 
1 .OO~~~~ .. ~~I~~~~ .. --~~~~~~~~~~~~~~~ 
0.00 13.20 0.40 0.60 0.80 1.00 1.20 x/c 
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PRESSURE DATA - 11 foot - Oscillating Flap 
RUtI: 117 SEQ: 3 
FLAP MEAH: 0 
PHASE HO. : 17 
MACH: .8 


























AMPL. : 2 
ANCLE: 144 
ALPHA: 0 
Pinr: 13;'3 psI' 
Cp 


















FREO. : 30 
DELTA:-l.22 























ORlGiN:;L PAG~ (S 






























11 root - Oscillating Flap 
RUN: 11 7 
FLAP MEAN: 0 
PHASE HO.: 21 
MACH: .8 

































-26 . -.'599 
-36 -.6413 













:lEL TtH 0 
PRIHT HO.: 2 
Ttot: 549.3 Rankin. 
LOlolER >,:/c H 
SURFACE: 
OR'GfN.'~l P"G~ fa 
OF POOl( QiJAL!TY 
/~y 
,/ J. , 



















J .. ~ 
;",\.j 
: . ..., 
"21 
" .. j 
,~ 





PRESSURE DATA - 11 root - OSCfll&tlng FI&p 
RUU: 117 SEQ: 3 FLAP MEAN: 0 AMPL.: 2 FREO. : 30 PHASE 110.: 21 AI~GLE: IS0 DELTA: 0 MACH: .3 ALPHA: 0 Ptot: ;;099.3 ps( Pfnr: 13;"3 psr Ttot: 549.3 R&nkfn. 

























































1.00 .. 1" , I., "I , ,!,' , 




























r. / , • I 
HOLOGRAPHIC DATA - 11 (oot - Oscillating Flap 
216217 
RUtl: 117 
FLAP MEAN: 0 
PHASE NO.: 25 
MACH: .8 















































67 • 196 





DELTA: 1. IS 
PRINT HO.: 2 
Ttot: ~49.3 Rankin. 
















. I . 





/ J I 
I 
" .' 
PRESSURE DATA - 11 foot - Oscillating Flap 
RUN: 117 SEQ: 3 
FLAP MEAN: 0 
PHASE NO.: 2' 
MACH: .8 



















































Ttot: 549.3 Ranl<,ne 
LOWEi< x/c Cp 
SURFACE: 
.05 -.229 


















ORIGIr1l1.l PAG2 rs 
OF POOR QIJAUrf 
1.00~~~~~~~~~~~~~~~~~~~~~~ 
' .. 
0.00 0.20 0.40' 0.60 0.80 1.00 1.20 ·.-:/c 
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./' 





~OLOCRAPHIC DATA - 11 root - Oscillatin9 Flap 
2701~8 
RUt!: 128 
FLAP MEAN: 9 
PHASE tlO ~ : 31 
MACH: .S 




















1 • 1 






















-2 - • .258 












PRINT NO.: 1 
Ttot: !5S0.IS P~n~in~ 
LOWC~ x/c H 
SURFACE: 
ORIGfN~~L PAG::: I~ 
OF. POOR QUALITY 
Cp 
1.00~~~~~~~~~~~~~~1~~~~~~~1~~~~~~ 





I \ ! "Y. \ 
.. 
"' 
PRESSURE DATA - 11 root - OscillAting FlAP 
RUN: 128 SEQ: 11 
FLAP MEAN: 9 AMPL. : 
PHASE NO.: 31 ANGLE: 
MACH: .a ALPHA: 

















































FREQ. : 30 
DELTA: 2.e4 






















ORIGINAL PAGE tS 































11 root - Oscillating Flap 
RUN: 141 
FLAP tlEAN: ··4 
PHASE NO.: 3 
MACH: .8 






























































ORIGINAL P~.8r: ~Si 
OF POOR QUALrrl 
1 .OO~~~~~~~I~~~~~~I~~~~~~~~~~~~~~~~ 
O. 00 8. 2 I) 0 • 412.1 12.1 . 68 I) • 80 1 • 00 1 • 20 u C 
Figure 11.- Comparisons of the Pressures Obtained From the Surface Taps and the 









SI' .~ . 
. , 




PRESSURE DATA - 11 foot - Oscillating Flap 
RUN: 141 SEQ: 8 
FLAP MEAtI:-4 AMPL. : 
PHASE HO.: 3 ANGLE: 
MACH: .8 ALPHA: 









































































ORIGINJ:"\L r;~8:: i8' 






























DATA - 11 foot - Oscill.ting Flap 
RU~f: 1413 
FLAP MEAN:-4 
















































PRINT NO.: 2 
Ttot: 551.25 Rankine 









1 . 13 0 L...o..o-"-" ........ ~'-'-'''''''-'' ................. ~ ........ ~ ............................................................................. --..~ ........................ ..... 
, 'r } , 
0.00 0.20 0.40 0.60 0.80 1.00 1.20 '>:./c 
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PRESSU~E DATA - 11 root - Osc,ll&ting Flap 
RUtl: 1"0 SEa: 8 
FLAP HEAH:-4 AMPL.: 2 FREO.: 30 
PHASE HO.: 7 AHCLE: 54 DELTA:-5." 
HACH: .s ALPHA: 0 
Pfo)t: ;:12e.~ psr Plnr: 1397.2 psr Tt ot: 5'1.~' P."ktn~ 
UPPER )(/c Cp LOWEP '<' C Cp 
$U"'F~CE: SURF~CE: 
0 1.1;'6 .O! -.2ti~ 
.05 -. 12 
• 1 -. Ha 
• 1 -.253 .1'5 -."4~ 
• 15 -.322 .2 -.50~ 
.. 
-.371 
• ~5 -.563 ... 
• 25 -.401 .3 -.613 
.3 -.372 .35 -.65S 
.35 -.399 .4 -.74l3 
.4 -.393 .45 -.~~I 
.45 -.ne .5 -.l)e2 
.5 -.217 .55 -.90ti 
.55 -.124 .Ii -.931 
.6 -.944 .643 -.791 
.643 .1376 • t'b2 -.297 
.105 .125 .793 -.2:'15 
.797 .164 .92" -.259 
.949 .161 .94~ -.235 









0.00 0.20 0.40 0.60 0.80 1.00 1.20 X'C 
.! .... 
• :: .1-











HOLOGRAPHIC n~TA - 11 root - Osclll.tlng Flap ORIGINAL P.~G~ IS OF POOR QUALITY !b2~41 
RUN: HI 
FLAP MEAU:-4 
PHA~E HO.: 19 
MACH: • e 
P~ot: ~1~a.2 psr 
UPPEP '(/c 








































































0.00 0.20 0.40 13.60 13.80 1.00 1.20 ,/c 




PHASE HO.: 27 
HACH: .13 
Ptot: ~128.~ pSt 
UPPEP vc 
S'URFACE: 
























Pint: 1.~"?~.;~ p~r 
H Cp 
0 -. 3~'5 
-13 -.?-!34 
























Ran~ 1 n. 
H 
ORIGINAL p,~ "".~ ..... 














PRESSURE DAfA - 11 root - Oscil16tln9 Flap 
RUN: 141 SEQ: 8 
FLAP MEAH:-4 
PHASE NO.: 27 
~IACH: .9 
Ptot: 21:S.2 psr 



















































Ttot: ~:;1).3" Rank i ne 
LOWER x/c Cp 
SUPFACE: 
• es -.31 






















ORIGINAL F.:.~~:': ::; 
OF POOR QllA'..ITY 
1.ee~~~~~~~~~~~~~~~~~~~~~~ 
.. 











"  ! 
HOLOGPAPHICDATA -
270140 
11 foot - Osctl1atin9 Flap 
FO:Utl: 140 
'FLAP ~'EAH:-4 
PHASE tlO.: 31 
MCH: .8 






















































PRINT NO.: 1 
Ttot: 551.2' Ran~ln. 
LOWER x~C H 
SURFACE: 
ORIGiN/\L F-n:-:,~ ;3 
OF POOR QUA~r;( 
Cp 
1. 00 ...................... ~~ ......... ...o..L ........ ........J'L... ........... "-'-' ......... ....L..o. ....... .&..J....j ....... ..o...L ........ .o...o-L....-<. ............... .o...o-........ _......, 
0.00 0.20 0.40 0.50 0.80 1.00 1.20 
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---~ .. 
~_""':"'J" .". .. '
•.... I: 
PRESSUPE DATA - 11 foot - OsctllAttnQ FlAp 
RUH: 140 SEQ: 8 
FLAP I1EAt~: -4 AI1PL. : 
PHA~E UO. : 31 AHCLE: 
MACH: .8 ALPHA: 

















































FREQ. : 30 
DELTA:-2.07 
Tt. of. : 551. 25 R.nlrln~ 
LOWER :</c Cp 
SURFACE: 
.05 -.31 




• '3 -.655 
• ·35 -.702 
.4 -.793 
.~5 -.857 










ORIGINAL PA~~ rg 
OF POOR QUALITY 
l.oe~~~~--~~~~~~~~~~~~ 




















PRINT NO.: 3 
Ptot: 2129.2 psf PI nf: 1395.2 psf Ttot: 559.34 Rankine 
UPPER x'-c H Cp LOWER X/C U 
SlIRFACE: SURFACE: 
.2 0 -.402 
.25 -9 -.4'56 
.3 -17 -.504 
.3'5 -25 -.551 
.4 -37 -.621 
.5'5 0 -.229 
.6 12 -.155 
.65 26 -.067 
.7 31 -.036 
.75 36 -.0134 
.9 45 .053 
.S5 513 .ass 
.9 54 .111 
.95 59 .143 
1 65 .192 
1.95 59 .137 
1.1 53 .105 
1. 15 49 .079 





0.20 0.40 0.60 0.80 1.00 
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. - --~-- .. 
-
·L;'" _-.... ~ .•• -A- _ .... __ "_ -
ORIGINl\l P:'G~ r51 
OF POOR QUALITV 
Cp 
.. 
1 .20 .: . C 












PPESSURE DATA - 11 root - Oscillating Flap 
RUN: 141 SEQ: 8 
FLAP MEAII:-4 AMPL. : 
PHASE NO.: 3~ AHGLE: 
MACH: .9 ALPHA: 



















































Ttot: ~~0.34 P.nkin. 
LOWER x .... c: Cp 
SURFACE: 
.05 -.296 
• 1 -.3;6 

















C11:iCt:l~!.. r;',:;;: ~s 
OF pooa QU~UTI 
1.00~~~~~~~~~~~~~~~~~~~~~~~ 

















































































PRESSURE D~TA - 11 foot - Oscillatln9 Fl&p 
RUN: 140 SEQ: 9 
FLAP I1EAtI:-4 
PHASE HO.: 39 
MACH: • a 






























































































OF POOR QUAL,I { 
1. 00 1L.....-....-....L... ........ ....J.... ........ ......J. ........ ......,JL.....o ........ ...L.-. ......... ....L.... ...... _ I " " I ! " ! I ! I! ! l. 
/ 






FLAP HEAII: 9 
PHASE HO.: 7 
MACH: .3 





















































PRltlT 110.: 1 




ontC{:'~,'.!.L i-., . • :. :: 







0.00 0.20 0.40 0.60 o.~o 1.00 1.20 .. ,·c 
Figure 12.- Comparisons of the Pressure~ Obtained From the Surface Pressure ~~~s 





PRESSURE DATA - 11 foot - Oseil1&tinQ Flap 
RUN: 144 SEQ: 33 
FLAP MEAN: 0 AMPL. : 2 FREQ. : ::0 
PHASE NO.: 7 ANGLE: 54 DELTA:-l.59 
MACH: .8 ALPHA: 0 
Ptot: 4238 psf Pinf: 2789.S psf Ttot: 580 Rankln4t 
UPPER )(.'e Cp LOWER x/c Cp 
SURFACE: SURFACE: 
0 1.175 .05 -.134 
.05 -.~43 • 1 -.2Z4 
• 1 -.353 • 15 -.31b 
.15 -.429 '" ., -.379 
.2 -.483 .25 -.429 
.25 -.553 .3 -.499 
.3 -.588 .35 -.524 
.35 -.647 .4 -.623 
.4 -.727 .45 -.697 
.45 -.765 .5 -.7H 
.5 -.759 .55 -.35 
.55 -.16 .6 -.3E15 
.6 -.127 .643 -.236 
.643 -.053 .762 -.9S5 
.795 -.941 .793 -.129 
.797 -.005 .824 -.057 
.849 .087 .849 -.009 




- 1 • £I£) 
-0.50 
£).50 
ORIGn~:~' .. i-; ~:. :J 
OF POOR Q:j;':.,-:-: 
1.£I0~~~~~~~~~~~·~~~~~~~~~~~ 
























HOLOGRAPHIC DATA - 11 foot - Oscillating Flap 
126144 
RUN: 144 
FLAP MEAN: 0 
PHASE ~IO.: 1 '5 
MACH: .8 





















1 • 1 










































0.00 0.20 13.40 0.60 0.80 1.00 1.20 :0'0: 
-80-
"I'll: :':'UI<I: UH I H - 11 fOO\ - OSC' I 1&\ 1 ng F' &p 
RUt!: 14' SEQ: 33 
FLAP MEAN: 0 
PHASE tfO.: I' 
MACH: .8 
































































































Pinr: 1394,9 psI' 
UP PEP )(I'C H Cp LOWER IC~C N Cp 
SURFACE: SURFACE: 
Cp 
















t • 0'5 
t • I 
I. 15 








































-1 . 00 f-
-0. SO f-
0.00 , ., , , 
0, SO 
1.00~~~~wl~~~~~~~I~~I~~~~~~~~~~~~~ 
0.00 0.20 0.40 0.60 0.80 1. 00 1.20.c: 
Figure 13.- Cocparisons of the Pressures Obtained From the Surface Pressure Taps 



























PRESSURE DATA - 11 root 
- Osc: t II at t n9 Flap 
RUN: 14~ SEQ: 7 
FLAP MEAH:-4 AP1PL.: 2 
Phr.SE HO.: 21 ANCLE: 180 
HACH: .8 ALPHP: 4 











































































OR1G';:'~L. F;·::: '~. 



































PHASE HO.: 26 
MACH: .8 































































R.n~ t ne 
Cp 
1 .OO~~~~~~~~~~~~~~~~~~~~~~~--~ 
0.00 0.20 0.40 0.60 0.80 1.00 1.20 .. c 
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.lr 
RUN: 149 SEQ: 7 
FLAP MEAH:-4 
PHRSE NO.: 26 
MACH: • e 












































FREQ. : 39 
DELTP:-2.63 
Ttot: '47.3" Pa"k j"_ 
LOWER )(/c Cp 
SURFACE: 
.0' .23' 

























1 .OO~ .. ~ .. ~~~··~I~~.~I-t~t~t~t~l~t~.--t~1~t ... ~I .. ~.~.~I~t~~Lw_~~~J_~~ 












PHASE HO.: 31 
MACH: .8 
























11 foot - Oscillatln9 FlAP OR1GfNAl PJ\G;'! (9 










-9 ~. 979. 
-17 -1.022 



















PRINT HO.: I 

















PRESSURE DATA - 11 , foot - Osc I 11 at I ng Flap ,. 
RUN: 149 SEQ: 7 
~"r FLAP I1EAN:-4 AI'1PL.: 2 FREQ.: 30 PHASE HO.: 31 ANGLE: 270 DELTA:-l.97 
. I'1ACH: .8 ALPHA: 4 ' I 
Ptot: 2127.3 psf Plnr: 1394.9 psf Ttot: 347.3" RanHn~ 
i, 
UPPER x/c Cp LOWER )(1'( Cp 
SURFACE: SURFACE: 
0 .993 .03 .:43 
.0~ -.817 • 1 .07 
• 1 -.924 .13 -.039 
r
' 
.15 -.8€8 .2 -.13 
.2 -.89'5 .23 -.203 
.23 -.93 .3 -.27'5 
.3 -.958 .33 -.34) 
.33 -.999 .4 -.397 
ORIG\NAL P !l.Gl! 13 .4 -1.058 .43 -.39'5 
OF POOR QUALI1"\' .45 -1.248 .5 -.34 
.5 -1.182 .35 -.318 
.35 -.G08 .6 -.2G5 
.G -.549 .643 -.213 
.G43 -.522 .7G2 -.293 
.705 -.428 .79'3 -.107 
.797 -. 151 .824 -.054 
.849 .002 .849 -.031 
.95 .141 .8ni .029 
.. .946 .08S 
-1. SO 













t , i I 
\"l 00 00 
•. I I 








0.825 0.800 0.775 
1'i11(H COtITOUF:S - 11 fo,::.t - O!.: ill s.t 1 n9 F I :.p 
RlIll: 117 SEQ: ;) 
FlRP l'tEfttl: 0 fHlPL.: ;; 
Pltft':'E 110.: 1 AIIGlE: 0 
MftCH: .8 ALPHft: (I 
Pt ,:0': 208',..;: I):' Pir.f: 13,8 I-'=-t 
0.850 
FF:E'). :3 • ..1 
riEL Toi: -. (.4 




Mr1l H ,:(lI!T(.lIPS - 11 fo:.,::ot - 0,:,: ill sf in>;! FI:.p 
~'lIl1: 117 ~:EO: ;) 
rUIP ~tEAII: (I 
PHASE 110.: 5 
1lf1(H: .8 




PI,'of: 1373 p.3f 
FREQ.: 3i.J 
IIElTft:-l.18 
Tt ot: 54':0. 3 r:' ",',1,1 n-e 

































-,- .. ---............ ~ .. ~-- ~-.~.~.-~~-.---.- .. ---,.-.. ----.-.. -~,.-- ..... --_ .... -._. 




11tiCH COIl1 CoURS - 11 foot - Osc i II at i n9 Flap 
RIJII: 128 SEC!: 11 
FLAP NEAH: 0 AMPL.: 2 FREO.: 30 
PHASE IW.: i' AIIGlE: 5" riEL Ttl: -1. ~2 
MACH: .8 ALPHA: 0 
Pto:.t: 2087.9' rJ5( Pinf: 1370 p~f Ttot:~5(1.15 REad trle 
tlACH COl/TOURS - 11 foot - Osclllat.r";;J FI:aJ) 
RUlr: 117 SEa: 3 
FLlil' I1EAII: e AUPL.: 2 FREO.: 30 
PIHISE 110.: 9 fllIGlE: 72 DElTA:-1.8S 
HACH: .8 ALPHA: 0 

























- ...• -.,_. ~.... --, ..... ~.---- ... ~ _._.- .. ---
" 
H • 0.85 0.90 0~95 0.775 0.750 
"tfiCH COIITOURS - 11 f.;:, 0 1 - O~O: i J J "t I"'g F J :'1' 
ROI/: 117 51::Q: 3 
FLffF' NEffl/: 0 AMPL.: 2 H'EO.: 3(. 
PHffSE .1/0.: 13 AIIGLE: 1133 IIELTH:-1.'~ 
MACH: .8 ALPHA: e 
PI,,: 2089.3 psf Plnf: 1373 p~f Tt01: ~49.3 P~nLinE 
MACH CONTOURS - 11 foot - O!cil1~tjn9 Fl~p 
RIIII: 117 SEQ: '3 
FLflP I'IEff": 0 ttr"IPL.: 2 FRf(!.: 80 
PHflSE 110,: 17 ffl,GLE: 144 DELTA:-1.2~ 
"lftCH: • S ALPHA: ti 













·~".~ .•.• ·:-:,; .. "t·l· ... ···· .. , t'J·~.rr,'.·.·'-\"'Vlr'T';:' 1J\1~t~' '-\",21" I.,', , .' 
. JJ;j...,.' " ," \~ ~ "'~.J ~ V ~ .... ___ .... _ ........ ~ .Li.u. .! __ . 
·.-'i.,1'1.-·+"\"\. .. ·~-,. 




/'If1C'H COtlTOLIRS - 11 foot. - 0:: c i \ , :at i n9 F \ sl:' 
RUII: 11:' SEQ: 3 
FLAP MEAII: 0 AMPL.: 2 
PHASE 110.: 21 A:IGLE: 18') 






- , l;):J 





Hr'101 ((ltITUI.IPS '·11 f,:.ot - O!Cl\\,,'ln9 FI:ap 
PUll: 11:' SEO: 3 
FLiif' \'IE-All: \) AI'1PL.: 2 FREO,: 31) 
FHA·:'E NO.: 25 AIIGLE: 21'; DELTft: 1. 15 
HACH: ,8 ALPHA: 0 
f'1IJt: ';::0:;:9."j pI.-' f'1I'f: 1.3;':3 ".sf Tt ot: 54-:0.3 1<':'1'01 \ roE' 
Oi •• ""7"~:7;:--x.;.,.~'tf7"1'~~" 








'f"' r:, r ",., 
~tii 






MACH CONTOURS - 11 foot - O!CIII~tlng FI~p . 
RUtl: 141 SEQ: 8 
FLAP MEAH:-4 AMPL~: 2 FREQ.: SO 
PHASE 110.: 3 AIIGlE: 18 IIElTA:-4.37 
MACH: .8 ALPHA: e 
Plot: 2128.~ pst Plnf: 1395.2 pal Ttot: 550.34 RanLln~ 
0.625 
MnCH COtITOIJI':~, - 11 f .;. .. ;.1. - I);: C 1 11 :at 1 ,"9 Flip 
I':1It1: 140 ':,E(': ::; 
FLAP l'IEAII:-4 AI·IPl.: .;:: FF.:£Q.: 3') 
PHA::·E 110.: 7 AtIGLE: 54 IIEl Ttl: -5. 155 
MACH: .8 ALPHA: 0 
f"t(lt: .21.;::8.2 ,..:!( Pinf: 1397.2 pzf Ttot: 551.25 R~n~in~ 










____ ......... -•.. _4·"_·_ 
\ 
,ihbBiELde jS p, % 6 2M., "!..£!i.O!t!!L1iJj}fYfi§9?i!!f;St¥1*1 .. .,. .. ~· iC::~¥v'~".:"'P!r&I 








l'\IiCl1 COtlTOURS - 11 foot - O~C ill .. t i n9 F IlILp 
RUII: 141 SEQ: 8 
FLAP MEAH:-4 AMPl.: 2 FREQ.: 30 
PHASE 110.: 19 AIIGlE: 16;: IIELTA:-4.74 
1'1liCH: .8 ALPHA: 0 




t1ACH COtHOLIRS - 11 (001 - O.=.c I IllILI if,.;) Flap 
RlItl: 141 SEQ: S 
FLAP NEAll: -4 AI'IPL.: 2 FREQ.: 30 
PHn':;E 110.: 27 AIIGlE: ~34 DEL TA: -2. 3~ 
t'1HCH: • \3 ALPHA: 0 








0 .... ' 




... ~ .. " ----.. 
" 
-,-







l·frlCH COIITOUf.::S - 1 1 foot - 0::.: i II ", III'~ F I ;;,p 
RUII: 140 SEQ: :3 
FLf;P /'IE All : - 4 AI·IPL.: 2 FF:H!.: ~C1 
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